A (v, K, A) packing design of order v, block size K, and index 1 is a collection of K-element subsets, called blocks, of a v-set V such that every 2-subset of V occurs in at most L blocks. The packing problem is to determine the maximum number of blocks in a packing design. Packing with 1= 2 is called bipacking. In this paper we solve the bipacking problem in the case K = 5 and v = 13 (mod 20).
Introduction
A (v, IC, A) packing design of order v, block size rc and index 1 is a collection, j, of K-element subsets, called blocks, of a v-set V such that every 2-subset of V occurs in at most 1 blocks.
Let b(v, In [S] we solved the bipacking problem in case v odd vf 13 (mod 20) with the possible exceptions of v= 19,27,137,139,147.
For simplicity let a(v, $2) be denoted by a(v) and J/(v, 5,2) be denoted by $(v). In this paper we solve the bipacking problem of pairs by quintuples for all v, v = 13 (mod 20). Specifically we prove Theorem 1.1. For all ~~13 (mod20), v#13, we have a(v)=+(v), and a(13)=$(13)-1.
Recursive constructions of bipacking designs
In order to describe our recursive constructions, we need the notions of designs with a hole, transversal designs and truncated transversal designs.
Let (V, b) be a (v, K, A) packing design, and let H be a subset of V of cardinality h. We shall say that (V, p) is an exact packing design with a hole of size h if (1) no 2-subset of H appears in any block, (2) every other 2-subset of V appears in precisely II blocks,
A necessary condition for the existence of an exact (v, K, A) packing with a hole of size h is given by the following lemma. In the following theorem we give some of our recursive constructions.
Theorem 2.4. lf there exists a TT[6,l,Jm,fu] and there exists a (m+h,5,2) exact bipacking design with a hole of size h, then there exists a (5m+u + h, 52) exact bipacking design with a hole of size u + h. Furthermore if a(u + h)= r&u + h) then o(5m+u+h)=+(5m+u+h).
Proof. Take a TT [6,1, irn, iu] (1) JBnGiJ<l for all BE/? and GiEy, (2) every 2-subset of k' such that x and y are neither in the same group nor in the same row is contained in exactly 1 blocks of p. (We may look at the points of V as the points of an array of size m x n and then the groups of (V, /3, y) are precisely the columns of A).
A resolvable design is a design of which the blocks can be partitioned into parallel classes. We write RB or RMGD with the appropriate parameters.
The following theorem is in the form most useful to us and may be found in [4] . 
and s = 4(m -I)/3 if m E 1 (mod 3). Futhermore if o(4u + h + s) = tj(4u + h + s) then o(20m+4u+h+s)=$(20m+4u+h+s).

Proof of the main theorem
Before giving an induction proof of Theorem 1.1, we require the direct construction of some bipacking designs with small values of v. (1,6) (1,32) c) mod (-,35) . q
In the sequel we make use of the following lemma [S] . Proof. For v =22,32,50 see [S] . For v=20 let X = 2, x Zgu{a, b}. Then the required blocks are ((O,O) (0, 11 (0,3) (0,4) (1,2) ) mod (-, 9) O) (1, 11 (1,3) (1,5) (1,6) ) mod(-,91 GO,01 (0,21 (1,51 (1,61 a) mod ( We now show that $(13)=$(13)-l. Let X={1,...,13} then the required blocks are (1 2 3 5 11) (2 6 11 12 13)
(1 2 8 10 12) (3 4 6 8 12)
(1 3 7 8 13) (3 4 6 10 11)
(1 5 6 10 13) (3 5 9 12 13) (1 7 9 11 12) (4 5 7 8 ll} (2 3 7 9 10) (4 5 7 10 12) (2 5 6 8 9) (8 9 10 11 13). 0
In the following lemma we construct a (v, $3) bipacking for all v= 13 (mod 20), v < 273. Table 1 . q Now we can prove our theorem which is restated below for the reader's convenience. 
